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[41 FR 52688, Dec. 1, 1976, as amended at 48 FR 2529, Jan. 20, 1983] 

APPENDIX G TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
LEAD IN TOTAL SUSPENDED PARTICU-
LATE MATTER 

1.0 Scope and Applicability 

Based on review of the air quality criteria 
and national ambient air quality standard 
(NAAQS) for lead (Pb) completed in 2008, the 
EPA made revisions to the primary and sec-
ondary NAAQS for Pb to protect public 
health and welfare. The EPA revised the 
level from 1.5 μg/m3 to 0.15 μg/m3 while re-
taining the current indicator of Pb in total 
suspended particulate matter (Pb-TSP). 

Pb-TSP is collected for 24 hours on a TSP 
filter as described in Appendix B of part 50, 
the Reference Method for the Determination 
of Suspended Particulate Matter in the At-
mosphere (High-Volume Method). This meth-
od is for the analysis of Pb from TSP filters 
by Inductively Coupled Plasma Mass Spec-
trometry (ICP–MS) using a heated ultrasonic 
bath with nitric acid (HNO3) and hydro-
chloric acid (HCl) or a heated block (hot 
block) digester with HNO3 for filter extrac-
tion. 

This method is based on the EPA’s Office 
of Solid Waste (SW–846) Method 6020A—In-
ductively Coupled Plasma Mass Spectrom-
etry (U.S. EPA, 2007). Wording in certain sec-
tions of this method is paraphrased or taken 
directly from Method 6020A. 

1.1 ICP–MS is applicable for the sub-μg/mL 
(ppb) determination of Pb in a wide variety 
of matrices. Results reported for monitoring 
or compliance purposes are calculated in μg/ 
m3 at local conditions (LC). This procedure 
describes a method for the acid extraction of 
Pb in particulate matter collected on glass 
fiber, quartz, or PTFE filters and measure-
ment of the extracted Pb using ICP–MS. 

1.2 Due to variations in the isotopic abun-
dance of Pb, the value for total Pb must be 
based on the sum of the signal intensities for 
isotopic masses, 206, 207, and 208. Most in-
strument software packages are able to sum 
the primary isotope signal intensities auto-
matically. 

1.3 ICP–MS requires the use of an internal 
standard. 115In (Indium), 165Ho (Holmium), 
and 209Bi (Bismuth) are recommended inter-
nal standards for the determination of Pb. 

1.4 Use of this method is restricted to use 
by, or under supervision of, properly trained 
and experienced laboratory personnel. Re-
quirements include training and experience 
in inorganic sample preparation, including 
acid extraction, and also knowledge in the 
recognition and in the correction of spectral, 
chemical and physical interference in ICP– 
MS. 

2.0 Summary of Method 

2.1 This method describes the acid extrac-
tion of Pb in particulate matter collected on 
glass fiber, quartz, or PTFE ambient air fil-
ters with subsequent measurement of Pb by 
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ICP–MS. Estimates of the Method Detection 
Limit (MDL) or sensitivity of the method are 
provided in Tables 1, 3 and 5 and determined 
using Pb-spiked filters or filter strips ana-
lyzed in accordance with the guidance pro-
vided in 40 CFR 136, Appendix B—Determina-
tion and procedures for the Determination of 
the Method Detection Limit—Revision 1.1. 
The analytical range of the method is 0.00024 
μg/m3 to 0.60 μg/m3, and based on the low and 
high calibration curve standards and a nomi-
nal filter sample volume of 2000 m3. 

2.2 This method includes two extraction 
methods. In the first method, a solution of 
HNO3 and HCl is added to the filters or filter 
strips in plastic digestion tubes and the 
tubes are placed in a heated ultrasonic bath 
for one hour to facilitate the extraction of 
Pb. Following ultrasonication, the samples 
are brought to a final volume of 40 mL (50 
mL for PTFE filters), vortex mixed or shak-
en vigorously, and centrifuged prior to 
aliquots being taken for ICP–MS analysis. In 
the second method, a solution of dilute HNO3 
is added to the filter strips in plastic diges-
tion tubes and the tubes placed into the hot 
block digester. The filter strip is completely 
covered by the solution. The tubes are cov-
ered with polypropylene watch glasses and 
refluxed. After reflux, the samples are di-
luted to a final volume of 50 mL with reagent 
water and mixed before analysis. 

2.3 Calibration standards and check stand-
ards are prepared to matrix match the acid 
composition of the samples. ICP–MS analysis 
is then performed. With this method, the 
samples are first aspirated and the aerosol 
thus created is transported by a flow of 
argon gas into the plasma torch. The ions 
produced (e.g., Pb+1) in the plasma are ex-
tracted via a differentially-pumped vacuum 
interface and are separated on the basis of 
their mass-to-charge ratio. The ions are 
quantified by a channel electron multiplier 
or a Faraday detector and the signal col-
lected is processed by the instrument’s soft-
ware. Interferences must be assessed and cor-
rected for, if present. 

3.0 Definitions 

Pb—Elemental or ionic lead 
HNO3—Nitric acid 
HCl—Hydrochloric acid 
ICP–MS—Inductively Coupled Plasma Mass 

Spectrometer 
MDL—Method detection limit 
RSD—Relative standard deviation 
RPD—Relative percent difference 
CB—Calibration Blank 
CAL—Calibration Standard 
ICB—Initial calibration blank 
CCB—Continuing calibration blank 
ICV—Initial calibration verification 
CCV—Continuing calibration verification 
LLCV—Lower Level Calibration 

Verification, serves as the lower level ICV 
and lower level CCV 

RB—Reagent blank 
RBS—Reagent blank spike 
MSDS—Material Safety Data Sheet 
NIST—National Institute of Standards and 

Technology 
D.I. water—Deionized water 
SRM—NIST Standard Reference Material 
CRM—Certified Reference Material 
EPA—Environmental Protection Agency 
v/v—Volume to volume ratio 

4.0 Interferences 

4.1 Reagents, glassware, plasticware, and 
other sample processing hardware may yield 
artifacts and/or interferences to sample anal-
ysis. If reagent blanks, filter blanks, or qual-
ity control blanks yield results above the de-
tection limit, the source of contamination 
must be identified. All containers and re-
agents used in the processing of the samples 
must be checked for contamination prior to 
sample extraction and analysis. Reagents 
shall be diluted to match the final con-
centration of the extracts and analyzed for 
Pb. Labware shall be rinsed with dilute acid 
solution and the solution analyzed. Once a 
reagent or labware article (such as extrac-
tion tubes) from a manufacturer has been 
successfully screened, additional screening is 
not required unless contamination is sus-
pected. 

4.2 Isobaric elemental interferences in ICP– 
MS are caused by isotopes of different ele-
ments forming atomic ions with the same 
nominal mass-to-charge ratio (m/z) as the 
species of interest. There are no species 
found in ambient air that will result in iso-
baric interference with the three Pb isotopes 
(206, 207, and 208) being measured. 
Polyatomic interferences occur when two or 
more elements combine to form an ion with 
the same mass-to-charge ratio as the isotope 
being measured. Pb is not subject to inter-
ference from common polyatomic ions and 
no correction is required. 

4.3 The distribution of Pb isotopes is not 
constant. The analysis of total Pb should be 
based on the summation of signal intensities 
for the isotopic masses 206, 207, and 208. In 
most cases, the instrument software can per-
form the summation automatically. 

4.4 Physical interferences are associated 
with the sample nebulization and transport 
processes as well as with ion-transmission ef-
ficiencies. Dissolved solids can deposit on 
the nebulizer tip of a pneumatic nebulizer 
and on the interface skimmers of the ICP– 
MS. Nebulization and transport processes 
can be affected if a matrix component causes 
a change in surface tension or viscosity. 
Changes in matrix composition can cause 
significant signal suppression or enhance-
ment. These interferences are compensated 
for by use of internal standards. Sample dilu-
tion will reduce the effects of high levels of 
dissolved salts, but calibration standards 
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must be prepared in the extraction medium 
and diluted accordingly. 

4.5 Memory interferences are related to 
sample transport and result when there is 
carryover from one sample to the next. Sam-
ple carryover can result from sample deposi-
tion on the sample and skimmer cones and 
from incomplete rinsing of the sample solu-
tion from the plasma torch and the spray 
chamber between samples. These memory ef-
fects are dependent upon both the analyte 
being measured and sample matrix and can 
be minimized through the use of suitable 
rinse times. 

5.0 Health and Safety Cautions 

5.1 The toxicity or carcinogenicity of re-
agents used in this method has not been 
fully established. Each chemical should be 
regarded as a potential health hazard and ex-
posure to these compounds should be as low 
as reasonably achievable. Each laboratory is 
responsible for maintaining a current file of 
OSHA regulations regarding the safe han-
dling of the chemicals specified in this meth-
od. A reference file of material safety data 
sheets (MSDSs) should be available to all 
personnel involved in the chemical analysis. 
Specifically, concentrated HNO3 presents 
various hazards and is moderately toxic and 
extremely irritating to skin and mucus 
membranes. Use this reagent in a fume hood 
whenever possible and if eye or skin contact 
occurs, flush with large volumes of water. 
Always wear safety glasses or a shield for 
eye protection, protective clothing, and ob-
serve proper mixing when working with 
these reagents. 

5.2 Concentrated HNO3 and HCl are mod-
erately toxic and extremely irritating to the 
skin. Use these reagents in a fume hood, and 
if eye and skin contact occurs, flush with 
large volumes of water. Always wear safety 
glasses or a shield for eye protection when 
working with these reagents. The component 
of this procedure requiring the greatest care 
is HNO3. HNO3 is a strong, corrosive, oxi-
dizing agent that requires protection of the 
eyes, skin, and clothing. Items to be worn 
during use of this reagent include: 

1. Safety goggles (or safety glasses with 
side shields), 

2. Acid resistant rubber gloves, and 
3. A protective garment such as a labora-

tory apron. HNO3 spilled on clothing will de-
stroy the fabric; contact with the skin un-
derneath will result in a burn. 

It is also essential that an eye wash foun-
tain or eye wash bottle be available during 
performance of this method. An eye wash 
bottle has a spout that covers the eye. If acid 
or any other corrosive gets into the eye, the 
water in this bottle is squirted onto the eye 
to wash out the harmful material. Eye wash-
ing should be performed with large amounts 
of water immediately after exposure. Med-
ical help should be sought immediately after 

washing. If either acid, but especially HNO3, 
is spilled onto the skin, wash immediately 
with large amounts of water. Medical atten-
tion is not required unless the burn appears 
to be significant. Even after washing and 
drying, HNO3 may leave the skin slightly 
brown in color; this will heal and fade with 
time. 

5.3 Pb salts and Pb solutions are toxic. 
Great care must be taken to ensure that 
samples and standards are handled properly; 
wash hands thoroughly after handling. 

5.4 Care must be taken when using the ul-
trasonic bath and hot block digester as they 
are capable of causing mild burns. Users 
should refer to the safety guidance provided 
by the manufacturer of their specific equip-
ment. 

5.5 Analytical plasma sources emit radio 
frequency radiation in addition to intense 
ultra violet (UV) radiation. Suitable pre-
cautions should be taken to protect per-
sonnel from such hazards. The inductively 
coupled plasma should only be viewed with 
proper eye protection from UV emissions. 

6.0 Equipment 

6.1 Thermo Scientific X-Series ICP–MS or 
equivalent. The system must be capable of 
providing resolution better or equal to 1.0 
atomic mass unit (amu) at 10 percent peak 
height. The system must have a mass range 
from at least 7 to 240 amu that allows for the 
application of the internal standard tech-
nique. For the measurement of Pb, an instru-
ment with a collision or reaction cell is not 
required. 

6.2 Ultrasonic Extraction Equipment 

6.2.1 Heated ultrasonic bath capable of 
maintaining a temperature of 80 °C; VWR 
Model 750HT, 240W, or equivalent. Ultrasonic 
bath must meet the following performance 
criteria: 

1. Cut a strip of aluminum foil almost the 
width of the tank and double the depth. 

2. Turn the ultrasonic bath on and lower 
the foil into the bath vertically until almost 
touching the bottom of the tank and hold for 
10 seconds. 

3. Remove the foil from the tank and ob-
serve the distribution of perforations and 
small pin prick holes. The indentations 
should be fine and evenly distributed. The 
even distribution of indentations indicates 
the ultrasonic bath is acceptable for use. 

6.2.2 Laboratory centrifuge, Beckman GS– 
6, or equivalent. 

6.2.3 Vortex mixer, VWR Signature Digital 
Vortex Mixer, VWR Catalog No. 14005–824, or 
equivalent. 

6.3 Hot block extraction equipment 
6.3.1 Hot block digester, SCP Science 

DigiPrep Model MS, No. 010–500–205 block di-
gester capable of maintaining a temperature 
of 95 °C, or equivalent. 
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5 Certificates of Analysis for these SRMs 
can be found at: http://www.nist.gov/srm/ 
index.cfm. 

6.4 Materials and Supplies 
• Argon gas supply, 99.99 percent purity or 

better. National Welders Microbulk, or 
equivalent. 

• Plastic digestion tubes with threaded 
caps for extraction and storage, SCP Science 
DigiTUBE® Item No. 010–500–063, or equiva-
lent. 

• Disposable polypropylene ribbed watch 
glasses (for heated block extraction), SCP 
Science Item No. 010–500–081, or equivalent. 

• Pipette, Rainin EDP2, 100 μL, ±1 percent 
accuracy, ≤1 percent RSD (precision), with 
disposable tips, or equivalent. 

• Pipette, Rainin EDP2, 1000 μL, ±1 percent 
accuracy, ≤1 percent RSD (precision), with 
disposable tips, or equivalent. 

• Pipette, Rainin EDP2, 1–10 mL, ±1 per-
cent accuracy, ≤1 percent RSD (precision), 
with disposable tips, or equivalent. 

• Pipette, Thermo Lab Systems, 5 mL, ±1 
percent accuracy, ≤1 percent RSD (preci-
sion), with disposable tips, or equivalent. 

• Plastic tweezer, VWR Catalog No. 89026– 
420, or equivalent. 

• Laboratory marker. 
• Ceramic knife, Kyocera LK–25, and non- 

metal ruler or other suitable cutting tools 
for making straight cuts for accurately 
measured strips. 

• Blank labels or labeling tape, VWR Cata-
log No. 36425–045, or equivalent. 

• Graduated cylinder, 1 L, VWR 89000–260, 
or equivalent. 

• Volumetric flask, Class A, 1 L, VWR 
Catalog No. 89025–778, or equivalent. 

• Millipore Element deionized water sys-
tem, or equivalent, capable of generating 
water with a resistivity of ≥17.9 MW-cm). 

• Disposable syringes, 10-mL, with 0.45 mi-
cron filters (must be Pb-free). 

• Plastic or PTFE wash bottles. 
• Glassware, Class A—volumetric flasks, 

pipettes, and graduated cylinders. 
• Glass fiber, quartz, or PTFE filters from 

the same filter manufacturer and lot used for 
sample collection for use in the determina-
tion of the MDL and for laboratory blanks. 

7.0 Reagents and Standards 

7.1 Reagent—or trace metals-grade chemi-
cals must be used in all tests. Unless other-
wise indicated, it is intended that all re-
agents conform to the specifications of the 
Committee on Analytical Reagents of the 
American Chemical Society, where such 
specifications are available. 

7.2 Concentrated nitric acid, 67–70 percent, 
SCP Science Catalog No. 250–037–177, or 
equivalent. 

7.3 Concentrated hydrochloric acid (for the 
ultrasonic extraction method), 33–36 percent, 
SCP Science Catalog No. 250–037–175, or 
equivalent. 

7.4 Deionized water—All references to de-
ionized water in the method refer to deion-
ized water with a resistivity ≥17.9 MW-cm. 

7.5 Standard stock solutions may be com-
mercially purchased for each element or as a 
multi-element mix. Internal standards may 
be purchased as a mixed multi-element solu-
tion. The manufacturer’s expiration date and 
storage conditions must be adhered to. 

7.5.1 Lead standard, 1000 μg/mL, NIST 
traceable, commercially available with cer-
tificate of analysis. High Purity Standards 
Catalog No. 100028–1, or equivalent. 

7.5.2 Indium (In) standard, 1000 μg/mL, 
NIST traceable, commercially available with 
certificate of analysis. High Purity Stand-
ards Catalog No. 100024–1, or equivalent. 

7.5.3 Bismuth (Bi) standard, 1000 μg/mL, 
NIST traceable, commercially available with 
certificate of analysis. High Purity Stand-
ards Catalog No. 100006–1, or equivalent. 

7.5.4 Holmium (Ho) standard, 1000 μg/mL, 
NIST traceable, commercially available with 
certificate of analysis. High Purity Stand-
ards Catalog No. 100023–1, or equivalent. 

7.5.5 Second source lead standard, 1000 μg/ 
mL, NIST traceable, commercially available 
with certificate of analysis. Must be from a 
different vendor or lot than the standard de-
scribed in 7.5.1. Inorganic Ventures Catalog 
No. CGPB–1, or equivalent. 

7.5.6 Standard Reference Materials, NIST 
SRM 2583, 2586, 2587 or 1648, or equivalent.5 

Note: The In, Bi, and Ho internal standards 
may also be purchased as 10 μg/mL stand-
ards. Calibration standards are prepared by 
diluting stock standards to the appropriate 
levels in the same acid concentrations as in 
the final sample volume. The typical range 
for calibration standards is 0.001 to 2.00 μg/ 
mL. At a minimum, the curve must contain 
a blank and five Pb containing calibration 
standards. The calibration standards are 
stored at ambient laboratory temperature. 
Calibration standards must be prepared 
weekly and verified against a freshly pre-
pared ICV using a NIST-traceable source dif-
ferent from the calibration standards. 

7.6 Internal standards may be added to the 
test solution or by on-line addition. The 
nominal concentration for an internal stand-
ard is 0.010 μg/mL (10 ppb). Bismuth (Bi) or 
holmium (Ho) are the preferred internal 
standards for Pb, but indium (In) may be 
used in the event the sample contains Bi and 
high recoveries are observed. 

7.7 Three laboratory blank solutions are 
required for analysis: (1) The calibration 

VerDate Mar<15>2010 10:22 Aug 13, 2014 Jkt 232150 PO 00000 Frm 00076 Fmt 8010 Sfmt 8002 Y:\SGML\232150.XXX 232150w
re

ie
r-

av
ile

s 
on

 D
S

K
5T

P
T

V
N

1P
R

O
D

 w
ith

 C
F

R



67 

Environmental Protection Agency Pt. 50, App. G 

blank is used in the construction of the cali-
bration curve and as a periodic check of sys-
tem cleanliness (ICB and CCB); (2) the rea-
gent blank (RB) is carried through the ex-
traction process to assess possible contami-
nation; and (3) the rinse blank is run be-
tween samples to clean the sample introduc-
tion system. If RBs or laboratory blanks 
yield results above the detection limit, the 
source of contamination must be identified. 
Screening of labware and reagents is ad-
dressed in Section 4.1. 

7.7.1 The calibration blank is prepared in 
the same acid matrix as the calibration 
standards and samples and contains all in-
ternal standards used in the analysis. 

7.7.2 The RB contains all reagents used in 
the extraction and is carried through the ex-
traction procedure at the same time as the 
samples. 

7.7.3 The rinse blank is a solution of 1 to 2 
percent HNO3 (v/v) in reagent grade water. A 
sufficient volume should be prepared to flush 
the system between all standards and sam-
ples analyzed. 

7.7.4 The EPA currently provides glass 
fiber, quartz, and PTFE filters to air moni-
toring agencies as requested annually. As 
part of the procurement process, these filters 
are tested for acceptance by the EPA. The 
current acceptance criteria for glass fiber 
and quartz filters is 15 μg per filter or 0.0075 
μg/m3 using a nominal sample volume of 2000 
m3 and 4.8 ng/cm2 or 0.0024 μg/m3 for PTFE 
filters using a nominal sample volume of 24 
m3. Acceptance test results for filters ob-
tained by the EPA are typically well below 
the criterion specified and also below the re-
cently revised Pb method performance detec-
tion limit of 0.0075 μg/m3; therefore, blank 
subtraction should not be performed. 

7.7.5 If filters are not provided by the EPA 
for sample collection and analysis, filter lot 
blanks should be analyzed for Pb content. 
For large filter lots (≤500 filters), randomly 
select 20 to 30 filters from the lot and ana-
lyze the filter or filter strips for Pb. For 
smaller filter lots, a lesser number of filters 
can be analyzed. Glass, quartz and PTFE fil-
ters must not have levels of Pb above the cri-
teria specified in section 7.7.4 and, therefore, 
blank correction should not be performed. If 
acceptance testing shows levels of Pb above 
the criteria in Section 7.7.4, corrective ac-
tion must be taken to reduce the levels be-
fore proceeding. 

7.8 The Initial Calibration Verification 
(ICV), Lower Level Calibration Verification 
(LLCV), and Continuing Calibration 
Verification (CCV) solutions are prepared 
from a different Pb source than the calibra-
tion curve standards and at a concentration 
that is either at or below the midpoint on 
the calibration curve, but within the calibra-
tion range. Both are prepared in the same 
acid matrix as the calibration standards. 
Note that the same solution may be used for 

both the ICV and CCV. The ICV/CCV and 
LLCV solutions must be prepared fresh 
daily. 

7.9 Tuning Solution. Prepare a tuning solu-
tion according to the instrument manufac-
turer’s recommendations. This solution will 
be used to verify the mass calibration and 
resolution of the instrument. 

8.0 Quality Control (QC) 

8.1 Standard QC practices shall be em-
ployed to assess the validity of the data gen-
erated, including: MDL, RB, duplicate sam-
ples, spiked samples, serial dilutions, ICV, 
CCV, LLCV, ICB, CCB, and SRMs/CRMs. 

8.2 MDLs must be calculated in accordance 
with 40 CFR part 136, Appendix B. RBs with 
low-level standard spikes are used to esti-
mate the MDL. The low-level standard spike 
is added to at least 7 individual filter strips 
and then carried through the entire extrac-
tion procedure. This will result in at least 7 
individual samples to be used for the MDL. 
The recommended range for spiking the 
strips is 1 to 5 times the estimated MDL. 

8.3 For each batch of samples, one RB and 
one reagent blank spike (RBS) that is spiked 
at the same level as the sample spike (see 
Section 8.6) must be prepared and carried 
throughout the entire process. The results of 
the RB must be below 0.001 μg/mL. The re-
covery for the RBS must be within ±20 per-
cent of the expected value. If the RB yields 
a result above 0.001 μg/mL, the source of con-
tamination must be identified and the ex-
traction and analysis repeated. Reagents and 
labware must be suspected as sources of con-
tamination. Screening of reagents and 
labware is addressed in Section 4.1. 

8.4 Any samples that exceed the highest 
calibration standard must be diluted and 
rerun so that the concentration falls within 
the curve. The minimum dilution will be 1 to 
5 with matrix matched acid solution. 

8.5 The internal standard response must be 
monitored during the analysis. If the inter-
nal standard response falls below 70 percent 
or rises above 120 percent of expected due to 
possible matrix effects, the sample must be 
diluted and reanalyzed. The minimum dilu-
tion will be 1 to 5 with matrix matched acid 
solution. If the first dilution does not correct 
the problem, additional dilutions must be 
run until the internal standard falls within 
the specified range. 

8.6 For every batch of samples prepared, 
there must be one duplicate and one spike 
sample prepared. The spike added is to be at 
a level that falls within the calibration 
curve, normally the midpoint of the curve. 
The initial plus duplicate sample must yield 
a relative percent difference ≤20 percent. The 
spike must be within ±20 percent of the ex-
pected value. 

8.7 For each batch of samples, one extract 
must be diluted five-fold and analyzed. The 
corrected dilution result must be within ±10 
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percent of the undiluted result. The sample 
chosen for the serial dilution shall have a 
concentration at or above 10X the lowest 
standard in the curve to ensure the diluted 
value falls within the curve. If the serial di-

lution fails, chemical or physical inter-
ference should be suspected. 

8.8 ICB, ICV, LLCV, CCB and CCV samples 
are to be run as shown in the following table. 

Sample Frequency Performance specification 

ICB ............................. Prior to first sample ................................................. Less than 0.001 μg/mL. 
ICV ............................. Prior to first sample ................................................. Within 90 to 110 percent of the expected value. 
LLCV .......................... Daily, before first sample and after last sample ..... ±10 percent of the expected value. 
CCB ........................... After every 10 extracted samples ........................... Less than 0.001 μg/mL. 
CCV ........................... After every 10 extracted samples ........................... Within 90–110 percent of the expected value. 

If any of these QC samples fails to meet 
specifications, the source of the unaccept-
able performance must be determined, the 
problem corrected, and any samples not 
bracketed by passing QC samples must be re-
analyzed. 

8.9 For each batch of samples, one certified 
reference material (CRM) must be combined 
with a blank filter strip and carried through 
the entire extraction procedure. The result 
must be within ±10 percent of the expected 
value. 

8.10 For each run, a LLCV must be ana-
lyzed. The LLCV must be prepared at a con-
centration not more than three times the 
lowest calibration standard and at a con-
centration not used in the calibration curve. 
The LLCV is used to assess performance at 
the low end of the curve. If the LLCV fails 
(±10 percent of the expected value) the run 
must be terminated, the problem corrected, 
the instrument recalibrated, and the anal-
ysis repeated. 

8.11 Pipettes used for volumetric transfer 
must have the calibration checked at least 
once every 6 months and pass ±1 percent ac-
curacy and ≤1 percent RSD (precision) based 
on five replicate readings. The pipettes must 
be checked weekly for accuracy with a single 
replicate. Any pipette that does not meet ±1 
percent accuracy on the weekly check must 
be removed from service, repaired, and pass a 
full calibration check before use. 

8.12 Samples with physical deformities are 
not quantitatively analyzable. The analyst 
should visually check filters prior to pro-
ceeding with preparation for holes, tears, or 
non-uniform deposit which would prevent 
representative sampling. Document any de-
formities and qualify the data with flags ap-
propriately. Care must be taken to protect 
filters from contamination. Filters must be 
kept covered prior to sample preparation. 

9.0 ICP MS Calibration 
Follow the instrument manufacturer’s in-

structions for the routine maintenance, 
cleaning, and ignition procedures for the spe-
cific ICP–MS instrument being used. 

9.1 Ignite the plasma and wait for at least 
one half hour for the instrument to warm up 
before beginning any pre-analysis steps. 

9.2 For the Thermo X-Series with Xt 
cones, aspirate a 10 ng/mL tuning solution 
containing In, Bi, and Ce (Cerium). Monitor 
the intensities of In, Bi, Ce, and CeO (Cerium 
oxide) and adjust the instrument settings to 
achieve the highest In and Bi counts while 
minimizing the CeO/Ce oxide ratio. For other 
instruments, follow the manufacturer’s rec-
ommended practice. Tune to meet the in-
strument manufacturer’s specifications. 
After tuning, place the sample aspiration 
probe into a 2 percent HNO3 rinse solution 
for at least 5 minutes to flush the system. 

9.3 Aspirate a 5 ng/mL solution con-
taining Co, In, and Bi to perform a daily in-
strument stability check. Run 10 replicates 
of the solution. The percent RSD for the rep-
licates must be less than 3 percent at all 
masses. If the percent RSD is greater than 3 
percent, the sample introduction system, 
pump tubing, and tune should be examined, 
and the analysis repeated. Place the sample 
aspiration probe into a 2 percent HNO3 rinse 
solution for at least 5 minutes to flush the 
system. 

9.4 Load the calibration standards in the 
autosampler and analyze using the same 
method parameters that will be used to ana-
lyze samples. The curve must include one 
blank and at least 5 Pb-containing calibra-
tion standards. The correlation coefficient 
must be at least 0.998 for the curve to be ac-
cepted. The lowest standard must recover ±15 
percent of the expected value and the re-
maining standards must recover ±10 percent 
of the expected value to be accepted. 

9.5 Immediately after the calibration 
curve is completed, analyze an ICV and an 
ICB. The ICV must be prepared from a dif-
ferent source of Pb than the calibration 
standards. The ICV must recover 90–110 per-
cent of the expected value for the run to con-
tinue. The ICB must be less than 0.001 μg/mL. 
If either the ICV or the ICB fails, the run 
must be terminated, the problem identified 
and corrected, and the analysis re-started. 

9.6 A LLCV, CCV and a CCB must be run 
after the ICV and ICB. A CCV and CCB must 
be run at a frequency of not less than every 
10 extracted samples. A typical analytical 
run sequence would be: Calibration blank, 
Calibration standards, ICV, ICB, LLCV, CCV, 
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CCB, Extracts 1–10, CCV, CCB, Extracts 11– 
20, CCV, CCB, Extracts 21–30, CCV, CCB, 
LLCV, CCV, CCB. Extracts are any field 
sample or QC samples that have been carried 
through the extraction process. The CCV so-
lution is prepared from a different source 
than the calibration standards and may be 
the same as the ICV solution. The LLCV 
must be within ±10 percent of expected value. 
The CCV value must be within ±10 percent of 
expected for the run to continue. The CCB 
must be less than 0.001 μg/mL. If either the 
CCV, LLCV, or CCB fails, the run must be 
terminated, the problem identified and cor-
rected, and the analysis re-started from the 
last passing CCV/LLCV/CCB set. 

9.7 A LLCV, CCV, and CCB set must be 
run at the end of the analysis. The LLCV 
must be within ±30 percent of expected value. 
If either the CCV, LLCV, or CCB fails, the 
run must be terminated, the problem identi-
fied and corrected, and the analysis re-start-
ed from the last passing CCV/LLCV/CCB set. 

10.0 Heated Ultrasonic Filter Strip 
Extraction 

All plasticware (e.g., Nalgene) and glass-
ware used in the extraction procedures is 
soaked in 1 percent HNO3 (v/v) for at least 24 
hours and rinsed with reagent water prior to 
use. All mechanical pipettes used must be 
calibrated to ±1 percent accuracy and ≤1 per-
cent RSD at a minimum of once every 6 
months. 

10.1 Sample Preparation—Heated Ultra-
sonic Bath 

10.1.1 Extraction solution (1.03M HNO3 + 
2.23M HCl). Prepare by adding 500 mL of de-
ionized water to a 1000 mL flask, adding 64.4 
mL of concentrated HNO3 and 182 mL of con-
centrated HCl, shaking to mix, allowing so-
lution to cool, diluting to volume with rea-
gent water, and inverting several times to 
mix. Extraction solution must be prepared at 
least weekly. 

10.1.2 Use a ceramic knife and non-metal 
ruler, or other cutting device that will not 
contaminate the filter with Pb. Cut a 3⁄4 inch 
X 8 inch strip from the glass fiber or quartz 
filter by cutting a strip from the edge of the 
filter where it has been folded along the 10 
inch side at least 1 inch from the right or 
left side to avoid the un-sampled area cov-
ered by the filter holder. The filters must be 
carefully handled to avoid dislodging depos-
its. 

10.1.3 Using plastic tweezers, roll the fil-
ter strip up in a coil and place the rolled 
strip in the bottom of a labeled 50 mL ex-
traction tube. In a fume hood, add 15.00 ±0.15 
mL of the extraction solution (see Section 
10.1.1) using a calibrated mechanical pipette. 
Ensure that the extraction solution com-
pletely covers the filter strip. 

10.1.4 Loosely cap the 50 mL extraction 
tube and place it upright in a plastic rack. 
When all samples have been prepared, place 

the racks in an uncovered heated ultrasonic 
water bath that has been preheated to 80 ±5 
°C and ensure that the water level in the ul-
trasonic is above the level of the extraction 
solution in the tubes but well below the level 
of the extraction tube caps to avoid contami-
nation. Start the ultrasonic bath and allow 
the unit to run for 1 hour ±5 minutes at 80 ±5 
°C. 

10.1.5 Remove the rack(s) from the ultra-
sonic bath and allow the racks to cool. 

10.1.6 Add 25.00 ±0.25 mL of D.I. water with 
a calibrated mechanical pipette to bring the 
sample to a final volume of 40.0 ±0.4 mL. 
Tightly cap the tubes, and vortex mix or 
shake vigorously. Place the extraction tubes 
in an appropriate holder and centrifuge for 20 
minutes at 2500 revolutions per minute 
(RPM). 

CAUTION—Make sure that the centrifuge 
holder has a flat bottom to support the flat 
bottomed extraction tubes. 

10.1.7 Pour an aliquot of the solution into 
an autosampler vial for ICP–MS analysis to 
avoid the potential for contamination. Do 
not pipette an aliquot of solution into the 
autosampler vial. 

10.1.8 Decant the extract to a clean tube, 
cap tightly, and store the sample extract at 
ambient laboratory temperature. Extracts 
may be stored for up to 6 months from the 
date of extraction. 

10.2 47 mm PTFE Filter Extraction— 
Heated Ultrasonic Bath 

10.2.1 Extraction solution (1.03M HNO3 + 
2.23M HCl). Prepare by adding 500 mL of D.I. 
water to a 1000mL flask, adding 64.4 mL of 
concentrated HNO3 and 182 mL of con-
centrated HCl, shaking to mix, allowing so-
lution to cool, diluting to volume with rea-
gent water, and inverting several times to 
mix. Extraction solution must be prepared at 
least weekly. 

10.2.2 Using plastic tweezers, bend the 
PTFE filter into a U-shape and insert the fil-
ter into a labeled 50 mL extraction tube with 
the particle loaded side facing the center of 
the tube. Gently push the filter to the bot-
tom of the extraction tube. In a fume hood, 
add 25.00 ±0.15 mL of the extraction solution 
(see Section 10.2.1) using a calibrated me-
chanical pipette. Ensure that the extraction 
solution completely covers the filter. 

10.2.3 Loosely cap the 50 mL extraction 
tube and place it upright in a plastic rack. 
When all samples have been prepared, place 
the racks in an uncovered heated ultrasonic 
water bath that has been preheated to 80 ±5 
°C and ensure that the water level in the ul-
trasonic is above the level of the extraction 
solution in the tubes, but well below the 
level of the extraction tube caps to avoid 
contamination. Start the ultrasonic bath 
and allow the unit to run for 1 hour ±5 min-
utes at 80 ±5 °C. 

10.2.4 Remove the rack(s) from the ultra-
sonic bath and allow the racks to cool. 
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10.2.5 Add 25.00 ±0.25 mL of D.I. water with 
a calibrated mechanical pipette to bring the 
sample to a final volume of 50.0 ±0.4 mL. 
Tightly cap the tubes, and vortex mix or 
shake vigorously. Allow samples to stand for 
one hour to allow complete diffusion of the 
extracted Pb. The sample is now ready for 
analysis. 

Note: Although PTFE filters have only 
been extracted using the ultrasonic extrac-
tion procedure in the development of this 
FRM, PTFE filters are inert and have very 
low Pb content. No issues are expected with 
the extraction of PTFE filters using the 
heated block digestion method. However, 
prior to using PTFE filters in the heated 
block extraction method, extraction method 
performance test using CRMs must be done 
to confirm performance (see Section 8.9). 

11.0 Hot Block Filter Strip Extraction 

All plasticware (e.g., Nalgene) and glass-
ware used in the extraction procedures is 
soaked in 1 percent HNO3 for at least 24 
hours and rinsed with reagent water prior to 
use. All mechanical pipettes used must be 
calibrated to ±1 percent accuracy and ≤1 per-
cent RSD at a minimum of once every 6 
months. 

11.1 Sample Preparation—Hot Block Di-
gestion 

11.1.1 Extraction solution (1:19, v/v HNO3). 
Prepare by adding 500 mL of D.I. water to a 
1000 mL flask, adding 50 mL of concentrated 
HNO3, shaking to mix, allowing solution to 
cool, diluting to volume with reagent water, 
and inverting several times to mix. The ex-
traction solution must be prepared at least 
weekly. 

11.1.2 Use a ceramic knife and non-metal 
ruler, or other cutting device that will not 
contaminate the filter with Pb. Cut a 1-inch 
X 8-inch strip from the glass fiber or quartz 
filter. Cut a strip from the edge of the filter 
where it has been folded along the 10-inch 
side at least 1 inch from the right or left side 
to avoid the un-sampled area covered by the 
filter holder. The filters must be carefully 
handled to avoid dislodging particle deposits. 

11.1.3 Using plastic tweezers, roll the fil-
ter strip up in a coil and place the rolled 
strip in the bottom of a labeled 50 mL ex-
traction tube. In a fume hood, add 20.0 ±0.15 
mL of the extraction solution (see Section 
11.1.1) using a calibrated mechanical pipette. 
Ensure that the extraction solution com-
pletely covers the filter strip. 

11.1.4 Place the extraction tube in the 
heated block digester and cover with a dis-
posable polyethylene ribbed watch glass. 
Heat at 95 ±5 °C for 1 hour and ensure that 
the sample does not evaporate to dryness. 
For proper heating, adjust the temperature 
control of the hot block such that an uncov-
ered vessel containing 50 mL of water placed 
in the center of the hot block can be main-
tained at a temperature approximately, but 

no higher than 85C. Once the vessel is cov-
ered with a ribbed watch glass, the tempera-
ture of the water will increase to approxi-
mately 95 °C. 

11.1.5 Remove the rack(s) from the heated 
block digester and allow the samples to cool. 

11.1.6 Bring the samples to a final volume 
of 50 mL with D.I. water. Tightly cap the 
tubes, and vortex mix or shake vigorously 
for at least 5 seconds. Set aside (with the fil-
ter strip in the tube) for at least 30 minutes 
to allow the HNO3 trapped in the filter to dif-
fuse into the extraction solution. 

11.1.7 Shake thoroughly (with the filter 
strip in the digestion tube) and let settle for 
at least one hour. The sample is now ready 
for analysis. 

12.0 Measurement Procedure 

12.1 Follow the instrument manufactur-
er’s startup procedures for the ICP–MS. 

12.2 Set instrument parameters to the ap-
propriate operating conditions as presented 
in the instrument manufacturer’s operating 
manual and allow the instrument to warm 
up for at least 30 minutes. 

12.3 Calibrate the instrument per Section 
9.0 of this method. 

12.4 Verify the instrument is suitable for 
analysis as defined in Sections 9.2 and 9.3. 

12.5 As directed in Section 8.0 of this 
method, analyze an ICV and ICB imme-
diately after the calibration curve followed 
by a LLCV, then CCV and CCB. The accept-
ance requirements for these parameters are 
presented in Section 8.8. 

12.6 Analyze a CCV and a CCB after every 
10 extracted samples. 

12.7 Analyze a LLCV, CCV and CCB at the 
end of the analysis. 

12.8 A typical sample run will include 
field samples, field sample duplicates, spiked 
field sample extracts, serially diluted sam-
ples, the set of QC samples listed in Section 
8.8 above, and one or more CRMs or SRMs. 

12.9 Any samples that exceed the highest 
standard in the calibration curve must be di-
luted and reanalyzed so that the diluted con-
centration falls within the calibration curve. 

13.0 Results 
13.1 The filter results must be initially re-

ported in μg/mL as analyzed. Any additional 
dilutions must be accounted for. The inter-
nal standard recoveries must be included in 
the result calculation; this is done by the 
ICP–MS software for most commercially- 
available instruments. Final results should 
be reported in μg Pb/m3 to three significant 
figures as follows: 

C = ((μg Pb/mL * Vf * A)* D))/Vs 

Where: 

C = Concentration, μg Pb/m3 
μg Pb/mL = Lead concentration in solution 
Vf = Total extraction solution volume 
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A = Area correction; 3⁄4″ × 8’’ strip = 5.25 in2 
analyzed, A = 12.0 or 1’’ × 8″ strip = 7 in2 
analyzed, A = 9.0 

D = dilution factor (if required) 
Vs = Actual volume of air sampled 

The calculation assumes the use of a 
standard 8-inch × 10-inch TSP filter which 
has a sampled area of 9-inch × 7-inch (63.0 in2) 
due to the 1⁄2-inch filter holder border around 
the outer edge. The 3⁄4-inch × 8-inch strip has 
a sampled area of 3⁄4-inch × 7-inch (5.25 in2). 
The 1-inch × 8-inch strip has a sampled area 
of 1-inch × 7-inch (7.0 in2). If filter lot blanks 
are provided for analysis, refer to Section 
7.7.5 of this method for guidance on testing. 

14.0 Method Performance 

Information in this section is an example 
of typical performance results achieved by 
this method. Actual performance must be 
demonstrated by each individual laboratory 
and instrument. 

14.1 Performance data have been collected 
to estimate MDLs for this method. MDLs 
were determined in accordance with 40 CFR 
136, Appendix B. MDLs were estimated for 
glass fiber, quartz, and PTFE filters using 

seven reagent/filter blank solutions spiked 
with low level Pb at three times the esti-
mated MDL of 0.001 μg/mL. Tables 1, 3, and 5 
shows the MDLs estimated using both the ul-
trasonic and hot block extraction methods 
for glass fiber and quartz filters and the ul-
trasonic method for PTFE filters. The MDLs 
are well below the EPA requirement of five 
percent of the current Pb NAAQS or 0.0075 
μg/m3. These MDLs are provided to dem-
onstrate the adequacy of the method’s per-
formance for Pb in TSP. Each laboratory 
using this method should determine MDLs in 
their laboratory and verify them annually. It 
is recommended that laboratories also per-
form the optional iterative procedure in 40 
CFR 136, Appendix B to verify the reason-
ableness of the estimated MDL and subse-
quent MDL determinations. 

14.2 Extraction method recovery tests 
with glass fiber and quartz filter strips, and 
PTFE filters spiked with NIST SRMs were 
performed using the ultrasonic/HNO3 and HCl 
filter extraction methods and measurement 
of the dissolved Pb with ICP–MS. Tables 2, 4, 
and 6 show recoveries obtained with these 
SRM. The recoveries for all SRMs were ≥90 
percent at the 95 percent confidence level. 

TABLE 1—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/GLASS FIBER FILTER 
BLANKS SPIKED WITH LOW-LEVEL PB SOLUTION 

Ultrasonic 
extraction 
method 

Hotblock 
extraction 
method 

μg/m3* μg/m3* 

n = 1 ...................................................................................................................................................... 0.0000702 0.000533 
n = 2 ...................................................................................................................................................... 0.0000715 0.000482 
n = 3 ...................................................................................................................................................... 0.0000611 0.000509 
n = 4 ...................................................................................................................................................... 0.0000587 0.000427 
n = 5 ...................................................................................................................................................... 0.0000608 0.000449 
n = 6 ...................................................................................................................................................... 0.0000607 0.000539 
n = 7 ...................................................................................................................................................... 0.0000616 0.000481 
Average ................................................................................................................................................. 0.0000635 0.000489 
Standard Deviation ................................................................................................................................ 0.0000051 0.000042 
MDL** .................................................................................................................................................... 0.0000161 0.000131 

* Assumes 2000 m3 of air sampled. 
** MDL is 3.143 times the standard deviation of the results for seven sample replicates analyzed. 

TABLE 2—RECOVERIES OF LEAD FROM NIST SRMS SPIKED ONTO GLASS FIBER FILTERS 

Extraction method 

Recovery, ICP–MS, (percent) 

NIST 1547 
plant NIST 2709 soil NIST 2583 

dust 
NIST 2582 

paint 

Ultrasonic Bath ...................................................................... 100 ±4 98 ±1 103 ±8 101 ±0 
Block Digestion ..................................................................... 92 ±7 98 ±3 103 ±4 94 ±4 

TABLE 3—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/QUARTZ FILTER 
BLANKS SPIKED WITH LOW-LEVEL PB SOLUTION 

Ultrasonic 
extraction 
method 

Hotblock 
extraction 
method 

μg/m3* μg/m3* 

n = 1 ...................................................................................................................................................... 0.000533 0.000274 
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TABLE 3—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/QUARTZ FILTER 
BLANKS SPIKED WITH LOW-LEVEL PB SOLUTION—Continued 

Ultrasonic 
extraction 
method 

Hotblock 
extraction 
method 

μg/m3* μg/m3* 

n = 2 ...................................................................................................................................................... 0.000552 0.000271 
n = 3 ...................................................................................................................................................... 0.000534 0.000281 
n = 4 ...................................................................................................................................................... 0.000684 0.000269 
n = 5 ...................................................................................................................................................... 0.000532 0.000278 
n = 6 ...................................................................................................................................................... 0.000532 0.000272 
n = 7 ...................................................................................................................................................... 0.000552 0.000261 
Average ................................................................................................................................................. 0.000560 0.000272 
Standard Deviation ................................................................................................................................ 0.000055 0.000007 
MDL** .................................................................................................................................................... 0.000174 0.000021 

* Assumes 2000 m3 of air sampled. 
** MDL is 3.143 times the standard deviation of the results for seven sample replicates analyzed. 

TABLE 4—RECOVERIES OF LEAD FROM NIST SRMS SPIKED ONTO QUARTZ FIBER FILTERS 

Extraction method 

Recovery, ICP–MS, (percent) 

NIST 1547 
plant NIST 2709 soil NIST 2583 

dust 
NIST 2582 

paint 

Ultrasonic Bath ...................................................................... 101 ±6 95 ±1 91 ±5 93 ±1 
Block Digestion ..................................................................... 106 ±3 104 ±3 92 ±6 95 ±2 

TABLE 5—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/PTFE FILTER BLANKS 
SPIKED WITH LOW-LEVEL PB SOLUTION 

Ultrasonic 
extraction 
method 

μg/m3* 

n = 1 .......................................................................................................................................................................... 0.001775 
n = 2 .......................................................................................................................................................................... 0.001812 
n = 3 .......................................................................................................................................................................... 0.001773 
n = 4 .......................................................................................................................................................................... 0.001792 
n = 5 .......................................................................................................................................................................... 0.001712 
n = 6 .......................................................................................................................................................................... 0.001767 
n = 7 .......................................................................................................................................................................... 0.001778 
Average ..................................................................................................................................................................... 0.001773 
Standard Deviation .................................................................................................................................................... 0.000031 
MDL** ........................................................................................................................................................................ 0.000097 

* Assumes 24 m3 of air sampled. 
** MDL is 3.143 times the standard deviation of the results for seven sample replicates analyzed. 

TABLE 6—RECOVERIES OF LEAD FROM NIST SRMS SPIKED ONTO PTFE FILTERS 

Extraction method 

Recovery, ICP–MS, (percent) 

NIST 1547 
plant NIST 2709 soil NIST 2583 

dust 
NIST 2582 

paint 

Ultrasonic Bath ...................................................................... 104 ±5 93 ±1 108 ±11 96 ±3 

15.0 Pollution Prevention 

15.1 Pollution prevention encompasses 
any technique that reduces or eliminates the 
quantity and/or toxicity of waste at the 
point of generation. Numerous opportunities 
for pollution prevention exist in laboratory 
operations. Whenever feasible, laboratory 
personnel should use pollution prevention 
techniques to address their waste genera-

tion. The sources of pollution generated with 
this procedure are waste acid extracts and 
Pb-containing solutions. 

15.2 For information about pollution pre-
vention that may be applicable to labora-
tories and research institutions, consult Less 
is Better: Laboratory Chemical Management 
for Waste Reduction, available from the 
American Chemical Society’s Department of 
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Government Relations and Science Policy, 
1155 16th St. NW., Washington, DC 20036, 
www.acs.org. 

16.0 Waste Management 

16.1 Laboratory waste management prac-
tices must be conducted consistent with all 
applicable rules and regulations. Labora-
tories are urged to protect air, water, and 
land by minimizing all releases from hood 
and bench operations, complying with the 
letter and spirit of any sewer and discharge 
permits and regulations, and by complying 
with all solid and hazardous waste regula-
tion. For further information on waste man-
agement, consult The Waste Management 
Manual for Laboratory Personnel available 
from the American Chemical Society listed 
in Section 15.2 of this method. 

16.2 Waste HNO3, HCl, and solutions con-
taining these reagents and/or Pb must be 
placed in labeled bottles and delivered to a 
commercial firm that specializes in removal 
of hazardous waste. 
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[78 FR 40004, July 3, 2013] 

APPENDIX H TO PART 50—INTERPRETA-
TION OF THE 1-HOUR PRIMARY AND 
SECONDARY NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR OZONE 

1. GENERAL 

This appendix explains how to determine 
when the expected number of days per cal-
endar year with maximum hourly average 
concentrations above 0.12 ppm (235 μg/m3) is 
equal to or less than 1. An expanded discus-

sion of these procedures and associated ex-
amples are contained in the ‘‘Guideline for 
Interpretation of Ozone Air Quality Stand-
ards.’’ For purposes of clarity in the fol-
lowing discussion, it is convenient to use the 
term ‘‘exceedance’’ to describe a daily max-
imum hourly average ozone measurement 
that is greater than the level of the stand-
ard. Therefore, the phrase ‘‘expected number 
of days with maximum hourly average ozone 
concentrations above the level of the stand-
ard’’ may be simply stated as the ‘‘expected 
number of exceedances.’’ 

The basic principle in making this deter-
mination is relatively straightforward. Most 
of the complications that arise in deter-
mining the expected number of annual 
exceedances relate to accounting for incom-
plete sampling. In general, the average num-
ber of exceedances per calendar year must be 
less than or equal to 1. In its simplest form, 
the number of exceedances at a monitoring 
site would be recorded for each calendar year 
and then averaged over the past 3 calendar 
years to determine if this average is less 
than or equal to 1. 

2. INTERPRETATION OF EXPECTED 
EXCEEDANCES 

The ozone standard states that the ex-
pected number of exceedances per year must 
be less than or equal to 1. The statistical 
term ‘‘expected number’’ is basically an 
arithmetic average. The following example 
explains what it would mean for an area to 
be in compliance with this type of standard. 
Suppose a monitoring station records a valid 
daily maximum hourly average ozone value 
for every day of the year during the past 3 
years. At the end of each year, the number of 
days with maximum hourly concentrations 
above 0.12 ppm is determined and this num-
ber is averaged with the results of previous 
years. As long as this average remains ‘‘less 
than or equal to 1,’’ the area is in compli-
ance. 

3. ESTIMATING THE NUMBER OF EXCEEDANCES 
FOR A YEAR 

In general, a valid daily maximum hourly 
average value may not be available for each 
day of the year, and it will be necessary to 
account for these missing values when esti-
mating the number of exceedances for a par-
ticular calendar year. The purpose of these 
computations is to determine if the expected 
number of exceedances per year is less than 
or equal to 1. Thus, if a site has two or more 
observed exceedances each year, the stand-
ard is not met and it is not necessary to use 
the procedures of this section to account for 
incomplete sampling. 

The term ‘‘missing value’’ is used here in 
the general sense to describe all days that do 
not have an associated ozone measurement. 
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